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The indications furnished by this method are precise enough for all
practical purposes.

The methods of testing the hardness based on determination of the resist-
ance to the slow penetration of a hard body also furnish, indirectly, interest-
ing indications as to the degree of brittleness of the metal constituting the
cemented and hardened zone.

Especially interesting, from this point of view, are the indications which
can be obtained by examining the appearance, the dimensions and the ar-
rangement of the cracks which are always produced in the imprint left by the
steel sphere used for the Brinell test when this test is made under a quite
high pressure. The minimum pressure necessary in order that the observa-
tions just referred to may give good results is the higher the deeper the ce-
mented zone. In the cases which ordinarily present themselves in the prac-
tice of cementation of mechanical pieces, it is often necessary to reach pres-
sures of 20 to 30 tons; this requires the use of apparatus more powerful than
those which are usually employed for the Brinell test (maximum, pressure,
5000 kg.).

The brittleness of the cemented zone, determined on the basis just referred
to, can evidently not be expressed in figures, and an estimate of real practical
importance as to its value can be given only after long experience.

The various methods for the determination of the surface hardness,
especially the methods based on resistance to abrasion, enable one to recog-
nize extremely thin cemented zones, and so to control with certainty the
efficacy of the mearfs of "protection" applied to the parts of the cemented
pieces where it is desired to preserve the original tenacity and plasticity of the
metal.

For these purposes the simple file test gives results of sufficient precision
and certainty. In some cases, in which special guarantees are required,
recourse is had to the Martens sclerometer, or to that of Jaggar, for the testing
of the zones protected from cementation.

Where such test has revealed insufficient surface hardness of the cemented
and hardened piece, it is still necessary to learn the cause of this fact, in order,
if possible, to remedy it in the pieces examined, or to correct the further
treatment.

The principal'causes of insufficient surface hardness in a cemented and
quenched piece may be the following: i. Insufficient thickness of the
cemented zone; 2. insufficient concentration of the carbon in the cemented
zone; 3. superficial decarburization of the cemented piece, produced in the
course of the heat treatments which have followed the cementation; 4.
not sufficiently rapid quenching or excessive tempering.

Let us examine separately the distinctive characters of each of these four
cases:

i. We have already seen how the excessive thinness of the cemented zone